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ABSTRACT 


The design and implementation of the PDP-8/S Monitor is 
described. The monitor is an interactive tape driving routine 
combined with a small operating system. The monitor was implemented 
in PAL III, the PDP-8 assembly language, for operation in conjunc- 


tion with a teletype and PI-1250-1 Data Handling System. 
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I. INTRODUCTION 


The ppp-8/s? computer is input/output bound when the only 
peripheral device is a teletype an’ paper punch/reader wit. The 
addition of a tape drive, tape controller, and monitor software 
improves the overall capability of the system. 

This thesis describes the development and implementation of an 
interactive tape driver system and small operating system. In order 
to produce a basic monitor system in a reasonably short length of 
time existing PDP-8 software was utilized where Preeti onl and 
manufacturer's design recommendations were followed when feasible. 
The steps taken to implement a monitor were: (1) gather and study 
available literature concerning the PDP family of computers; 

(2) decide on intermal core paging requirements; (3) write elemen- 
tary programs for the monitor; (4) write input and output routines 
for the teletype; and (5) write input and output routines for the 
tape system. 

A basic knowledge of PDP-8 assembly language [Refs. 1 and 2] 
is essential to a clear understanding of this thesis. The conven- 
tions, abbreviations, and descriptive terms contained herein are 


those found in [Refs. 1-5]. 


tthe PDP-8/S is one of a family of small computers called 
PROGRAMMED DATA PROCESSORS manufactured by DIGITAL EQUIPMENT 
CORPORATION, Maynard, Mass. 





II. DISCUSSION OF COMPUTER AND TAPE SYSTEMS 


The computer system was configured with a PDP-8/S computer, 
a teletype with integral paper tape reader and punch, and a 
PI-1250-1 data handling system. This section will discuss each 
component of the entire system in relation to the requirements 


placed upon the monitor design. 


A. PDP-8/S COMPUTER AND TELETYPE UNIT 

The PDP-8/S is a general purpose digital computer operating on 
12 bit binary words and having a four micro-second core cycle time. 
It is a single-address parallel machine using two's complement 
arithmetic. It is composed of four basic components: 
(1) Input/Output units; (2) Arithmetic unit; (3) Control unit; and 


(4) Memory unit. 


ies Input and Ou.put Units 


Input and output devices are combined since many devices 
serve both functions. The primary input/output device is the tele- 
type with integral paper tape reader/punch. All input or output 
associated with the teletype unit must be under program control and 
pass through the accumulator to be discussed later in this section. 
No direct transfer of information to or from memory is permitted. 
Because there is a great difference in the processing speed of the 
computer and the spe 1 of most peripheral devices, the computer 


must be programned to check the readiness of a device before any 





transfer of information is performed. The PDP-8/S console allows 
the operator cirect access to core memory and the program counter 
by setting a series of switches, enabling manual storage of programs 


and examination of information previously stored. 


2. Arithmetic Unit 
The arithmetic unit accepts data from input devices and 
transmits processed data to the output devices as well. Primarily, 
the unit performs calculations under the direction of the control 
unit. This arithmetic unit consists of a twelve bit register, 
called an accumulator, and a link bit. Bits are numbered from 
0 to ll starting at the left side of the accumulator and moving 
right. 
The accumulator perfor:s binary operations under the super- 
vision of the control unit. Whenever the binary aidition causes a 
carry out of the most significant bit, the carry is lost from the 
accumulator and causes the link bit to be set. The link bit is 
actually a one bit register logically attached to the accumulator. 
If a carry results from an addition in the accumulator, the link 
bit is complemented. This carry results in a link value change 
from 0 to 1, or 1 to 0, depending upon the original state of the 
link. 
Positive nus»ers can be represented from 0 up to 3777, end 


8 


negative nus. ars from -3777, u. to -1. By conventi.n, bit 0 


8 
specifies the sign bit (0 for positive and 1 for negative). In 





decimal form then numbers from -2048 up to and including +2047 can 


be represented internally in a single twelve bit word. 


Dee COntromeUnd t 

The control unit is composed of three parece mel) the 
instruction register; (2) the major state generator; and (3) the 
program counter. Together these registers follow what the computer 
is doing now and what it will do next, thus specifying the flow of 
the program from beginning to end. 

The progre-: cownter is used to record the location in 
memory of the instructions to be executed. The counter always 
contains the address of the next instruction to be executed and 
normally, except in the case of branches, merely increments 
itself by one. 

The instruction register is used by the control unit to 
specify the main characteristics of the instruction being executed. 
The first three bits (0-2) specify the operation to be performed 
and the remaining nin: bits (3-11) specify the operand. 

The major state generator establishes the proper states 
in sequence for the instruction being executed. One or more of the 
following three major states are entered serially to execute such 
programmed instruction. During a fetch state, an instruction is 
loaded from core merory, at the address sjecified by the program 
counter, into the m moiy buffer register. The def: . state is used 


in conjunction with indirect addressing to obtain the effective 





address. The execute state performs the operation specified in 


the memory buffer register. 


4, Memory Unit 


The memory unit consists of 4,096 12 bit words of magnetic 
core memory, a 12 bit memory address register, and a 12 bit memory 
buffer register. Core memory is a form of random access storage, 
meaning any specific location can be reached in memory as readily 
as any other. Each word in memory requires a 12 bit address to 
specify the location uniquely. 

The memory buffer register provides temporary storage prior 
to being used in the accumulator. Thus, the memory buffcr holds all 
words that go into and out of memory, updates the program counter, 
sets the memory address register, and accepts information from or 
provides information to the accumulator. 

The memory address register holds the address specified by 
a memory reference instruction. It is also used to specify the 
address of the next instruction to be brought out of memory and 
executed. The register can be used to directly address all of 
memory. It can be set by the memory buffer register, or by input 
through the program counter register, or by the program counter 
itself. 

Since twelve bits are needed to address each word in core and 
only nine bits are available to specify an operand, corc memory is 
divided into 40. pages of 200, words each. This arrangen its allows 


8 
bits 5 through 11 to be used to specify the desired address on the 





current page. Bit 4 is used to specify an address on the current 
page by a l or on page zero by a 0. Bit 3 specifies whether direct 
addressing (set 0) or indirect addressing (set 1) is to be used. 


Table I demonstrates the pagin;, scheme utilized in the PDP-8. 


B. PI-1250-1 DATA HANDLING SYSTEM 

The PI-1250-1 Data Handling System is a seven track magnetic 
tape system designed to operate with the PDP-8 family of computers. 
The system is composed of a PI-1207 RW Digital Tape Recorder and 
an interface device designated as an Information Controller Unt. 
which contains the logic allowing data to be transferred to or 


from the computer under program control. 


1. Data Representation and Transfer 

Infort ation records are written on tape in seven-bit 
characters composed of six data bits and an odd parity bit 
dev-loped by the PI-1207 RW wnit. All data is transferred from the 
computer to the tape except for parity, exactly in the character 
sequence as it appears in the :ccumulator; conversely, data is 
transferred to the computer exactly as it appears on tape. 

All inter-record gaps must be recorded under program 
control; however, they are detected atttomatically causi:.g certain 
bits in the status register to be set which can be examined under 
program cc vol. 

When reading data, two characters are read from the tape, 


assembled as a twelve bit word, and a data transfer request is 


10 





TABLE I 


PAGING SCHEME FOR PDP-8 


Memory Location 


11 


0-177 
200-377 
400-577 
600-777 

1000-1177 
1200-1377 
1400-1577 
1600-1777 
2090-2177 
2200-2377 
246 *-2577 
2660-2777 
3000-3177 
3200-3377 
3400-3577 
3600-3777 
4000-4177 
4200-377 
4400-4577 
4600-4777 
5000-5177 
5200-5377 
5400-5577 
5600-5777 
6000-6177 
6200-6377 
6400-6577 
6600-6777 
7000.:7177 
7200-7377 
7400-7577 
7600-7777 





initiated to place the word in the accumulator. When recording 
data, a twelve bit word is accepted, disassembled, and written as 
two six bit characters. Data can be transferred at incremental and 
slew speed to be compatible with the PDP-8/S. A high speed is used 
only with the controller's registers for searches and under monitor 
control. 

Errors are handled through the logical structure of the 
controller. This includes the detection and reporting to the 
computer utilizing a program interrupt. These errors are: 

(1) write or read operation unreadiness; (2) transfer rate errors; 


auc@ec 3) transfer data error (parity). 


2. Information Controller 
The information controller includes within its structure 
the means to r ccive, interpret, and retain commands; carry out a 
control operation; and notify or respond to the occurrences of a key 
event. The logical structure of the information controller is 
comprised of nine units. 
a. Instruction Decoder 
The instruction decoder provides the controller with 
the logical ability to reccive a standard set of codes generated by 
the computer and decodes these signals into separate and mutually 
exclusive occurrinz commands to perform either a data transfer or 
to ini:iate, or suspend, an operation. The mnemonic code, octal 


code, and operation of all instructions is listed in Table II. 
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TABLE II 


INSTRUCTION SET FOR INFORMATION CONTROLLER 


MNEMONIC OCTAL OPERATION 

CODE CODE 

ESoR 6701 Skip if system ready 

PWMS 6702 Write mode select 

PBOT 6704 Write beginning of tape 

PSSF 6711 Skip on system flag 

PREV 6712 Reverse read select 

PFRD 6714 Forward read select 

PSRF 6721 Skip on data rate error flag 

PEOF 6722 Write End of file 

ERDL 6724 Ready /Load 

PSPF 6731 Skip on Vertical Parity error 

EGLR 6732 System clear 

PHLT 6734 Halt 

ECHLE 6736 System clear/halt 

PSDF 6741 Skip on data flag 

PLMF 6742 Load memory Field Extensior register 
and interrupt 

PLDS 6744 Load data buffer register and 
step (+ ite mode) 

PRDS 6751 Read d:..a buffer Register 
(Read ode) 

PSER 6752 Skip if end of record flag 

PSMS 6754 Slew mode select 

PSSS 6761 Sense syste. status 

PINS 6762 Incremental mode select 

PREW 6764 Rewind select 

PEOR 6771 Write end of record and halt 

PHAS 6772 High speed accumulator I/0 select 

PERHS 6773 Write End of record/High Speed 


Accumulat: r I/0 
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b. Data Buffer Register 
The data buffer register is a twelve bit register which 
serves as a buffer for data traffic between the tape and accumulator. 
This register is automatically cleared after a word is transferred to 
the tape unit or to the computer. 
c. Read/Write Mode and Speed Select Register 
This register receives direct commands from the instruc- 
tion decoder to either start, maintain or suspend an operation related 
to one of three speeds and to either reading or recording. 
d. Data Flag Register and Logic | 
This register is comprised of two bits, the read bit 
and write bit which, when set during programmed data transfer 
operations, conmunicate that the information coupler is ready for a 
data transfer with the computer. 
e. System Status Register 
The system status register is comprised of ten memory 
elements referred to as acts and identified as Vertical Parity Error, 
Data Rate Error, End of Record, End of Tape, Longitudinal Parity 
Error, Load Point, Beginning of Tape, Write Lockout Ring, End of File, 
and WCO Read. 
Each of these possible conditions may be tested when 
the contents of the status register are transferre’ to the computer's 
accumulator. In addition console lights will be illuminated when any 
or all conditions exist. This enszbles a general program mask to be 
used and gives the operator the capability of reading the error from 


the console. 
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f. Reverse/Forward, Rewind and Ready/l. ad Register 
This register controls the direction of the tape drive. 
Reverse and forward are complementary events and are implemented with 
a single bit. In addition the rewind lock is set by the occurrence 
of the rewind command and remains set until cleared by the halt or 
clear command or by the sensing of the beginning of tape reflective 
marker traveling past the photodetector. The ready/load logic task 
is to communicate to the read-write unit the proper commands at the 
beginning of an operation after initial tape mounting and threading. 
g. Other Units 
Three other colponents exist for high speed operation 
only and are not required for mcnitor operation. ‘The PDP-8 doc:: not 
have the capability to transfer or receive data at the rate describec 


by this operational speed. 


3. Gap Detection Logic 


Gap detection logic included in the information controller 
continuously monitors the retreived information to determine and 
indicate when a data record readout has concluded and, as a conse- 
quence, activetes auxiliary logic to read the logical record control 
character (LRC end of record (EOR), and end of file (EOF) 
characters without causing any operational anbiguities. 

After the absence of two characters is determined, logic is 
activated to int«rrogate the validity -f the LRCC character, and if 
an error is indicated the LRCC lock is set to communicate such an 


error through the status register to the computer. 


ie, 





To detect the end of file character, the gap logic retains 
in memory the fact that a single character record was read out, 
absence of two characters was determined, and if another character 
appears within the next two characters cell times, then it must be 
the LRCC character corresponding to the single EOF character. 


The correct sequence for an EOR followed by an EOF is 


shown below. 





III. DESIGN AND IMPLEMENTATION OF MONITOR 


In any system that has more than one input/output device, the 
computer is required to handle many tasks almost at the same time 
in order to make the system function as a unit. A set of programs 
assigned the task of control and communications within the system 
is called the monitor. 

Th: monitor is designed in such a ranner so as to simplify the 
programming effort required by the usc r. It is not necessary for 
the user to hac detailed know]l« se of the entire system; but, 
instead, the user should have a -veneral overall view of the computer 
anda its monitor options. The monitor provides all the input and 
output operations and cortrols the message traffic between peripheral 


devices and the computer. System errors are detected by the 
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monitor and reported to the user eliminating the need for constant 
system checking by the user programs. 

Many projrams contained within the monitor may be called upon 
to serve user programs. These are normally input and output 
procedures and are all written as subroutines in this monitor to allow 
easy user access. Support programs are needed to install the monitor 
and keep it running smoothly. Normally the user will not need to 
call upon these routines. A third set of programs is necessary to 
assist the monitor in its assigned tasks. These procedures are 
written as subprograms within this monitor structure and are used 
to handle the pseudo commands available to the user. 

Most programs written for the PDP-8 computer are loaded into 
core memory from paper tape punched in binary cc.:e. Many system 
programs, such as the editor and assembler routines, require as 
much as twelve minutes to read into memory. Through the use of a 
magnetic tape system, these same programs can be loaded into the 
computer in ten to fifteen seconds. This section describes the 
magnetic tape organization, the core memory requirements of the 


monitor, and the program specifications and conventions of the monitor. 


A. MAGNETIC TAPE ORGANIZATION 

The magnetic tape is divided into four sections providing 
a logical arranpement for the files stored. These sections arc: 
(1) Tape label; (2) Monitor; (3) System and user program library 


and (4) Scratch pad work area. 
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1. Tape Label 


The tape label is required by the monitor to maintain a 
count of end of file marks appearing on the tape. The label is a 
one word (two character) file preceded by a beginning of tape gap 
(BOT) and end of file mark; and followed by EOR, EOF, BOT, and EOF. 


The label and appropriate gaps are depicted below. 


REFLECTIVE 
MARK 





The label is written in binary form as an octal number and 
can easily be located since it is the first record to appea~ on the 
magnetic tape. The BOT mark is a length of era:.cd tape placed so 
as to give the read head a referc .ce point from which to start. The 
second BOT is provided as protection for the programs recorded. 

By reading the number written in the tape label an accurate 
count of the number of EOF marks appearing on the tape can be read 

“o the computer. This number can then be used by the monitor to 
>ind the desirc.d position to write a new record, to locate the 


scratch pad area, or to check for errors. 


2. Monitor Storage 
The moritor appears as the first complete prog: ix. recorded 
o:. the tape. It is located immediately after the tape label with 
assoclated gaps. Since the monitor is the most frequently used 
program, it should appear close to the beginning of the tape for more 


rapid loading, minimizing the search time required. 
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It is unnecessary to read the tape label in order to load 
or store the monitor since three EOF marks always precede the monitor 
in its storage location. Any time the monitor is required, the tape 
label counter is gencrated by the program rather than by reading the 
label. Immediately following the monitor oA tape an EOR and EOF 


are written to separate it from following files. 


3. System and User Program Library 


PDP-8 system programs appear immediately after the monitor 
on tape. Programs designed by users and to be added to the tape 
system are appenc.d after system programs. 

System programs 2zre arranged in a logical sequence dictated 
by their normal usage in most programming efforts. Master tapes 
can be preparc i with these programs ;laced in any order, but a 
suggested master tape system program sequence follows. 

MONITOR 

SYMBOLIC EDITOR 
PAL III ASSEMBLER 
ODT LOW 


HELP BOOTSTRAP 
USER PRO.=RAMS 


This list places the most needed programs early on tape and then 
in order of their usage. For example, the Editor and Assembler are 
required equally but the Editor is normally used prior to the 
Assemt ler; th. , the ordering is as listed. 

User programs follow no usage scheme as do system progr: s. 


Instead, user programs appear on tape in the order that they were 
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recorded without regard as to their potential usage. A new master 


tape can be generated at any time to order user programs as desired. 


4. Scratch Pad Area 


The user may at any time desire to utilize a scratch pad 
areca of tape without engaging monitor or system programs. Immediately 
following the last program recorded approximately ten feet of blank 
tape is supplied as separator for system protection and an EOF is 
recorded marking the beginning of the scratch pad section. Retum 
to this area can be accomplished programmatically by the user to 
recover data stored in that area. 

Since no other safeguards exist for the system tape, the user 
must insure that no scratch pad recording is done prior to the 
designated portion of tape. Suggested methods for using the scratch 


pad section appesur in Appendix A. 


B. MEMORY REQULREMENTS 

The core memory of the PDP-8/S is restricted to 4,096 words and, 
as such, an executive routine must be extremely compact and limited 
in its scope. The monitor occupies pages 30. through 37. inclusive, 
or address 6000, through 1177 .- In addition locations 0100, to 
0141, are required only when loading the monitor, either under moni- 
tor control or by the bootstrap prograni. 

The monitor is divided into two separate sections. Section [ 
and Section II, the mini-monitor, 


consists of pages 30, through 32 


8 
of pages 33. through 37 


8 


8° 
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ieeeMonitor-section If 
Section I of the monitor may be destroyed by the user 

without adverse effect upon the primary functions of the monitor. 
Loss of four commands from the code list will be experienced; 
however, all store, load, input and output routines will be retained 
in the mini-monitor. In addition the ability to regain the entire 
monitor rests solely with Section II. This feature enables the user 
more core memory space without undue loss of performance from the 
monitor system. The user commands as much of memory as is practical; 


page 0 except for locations 0100, to 0141, thus retaining 


8 


autoindexing resisters at locations 0100, through 0017, as discussed 


8 
nd if desired up to page 


8 


in Ref. 1, the remaining pages up to 30,5 a 
33, . This memory area should be more than adequate for most 


programming efforts. 


2. Monitor~-Section II (Mini-Monitor) 
Section II of the monitor contains the primary service 


routines normally required by users. Page 37, of the mini-monitor 


8 
contains one PDP-8 system programs, the BIN loader. This program 
allows a user to load a binary paper tape into memory at the requirec 
locations. 

If the user desires he may utilize all of core up to page 376 
for his programming, resulting in destruction of the monitor. To 
reload the mo: tor in its entirety the recover procedu.e is utilized 


to read the entire monitor program into memory from magnetic tape. 


This is accomplished by setting 7600, into the svitch register, 
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depressing load address, and start. Rewind must be executed 


manually by using the PI 1207 RW control panel. 


C. PROGRAM SPECIFICATIONS AND CONVENTIONS 

Twenty-nine sepzrate programs and subroutines comprise the 
monitor. Fourteen subroutines are concerned only with input and 
output and are discussed in great detail in Appendix A. Eight 
subprograms are used to respond to requests given Beenene user and 
the remaining programs are utility routines integral to the monitor. 

Each of the eight pages of the monitor will be discussed 
generally in this section and explained in more detail in the 
User's Manual, Appendix A. 


l. Page 3 ia Monitor Code 


ot an 





This page contains the program for listing the commands 
acceptable to the monitor, and monitor responses to those commands. 
The list below is < sample that is printed on the teletype in 


response to the command "C" given to the monitor. 


= STORE PROG. 
LOAD # PROG. 
LOAD MONI'OR 
ES PerAreE 
MONITOR CODE 
SCRATCHPAD 
ERASE AFTER # 
EXECUTED 

TAPE EXKROK 
STORE MONITOR 
NEXT COMMAND 


Bon iu 


VA MexXwVOR Smen 


2, Page 31, - List 


This page contains the coding necessary to list the system 


library and associated numbers that are recorded on magnetic tape. 
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This list is easily appended or changed in order to add to the list 
(maximum of 15 may be listed) or make different lists for various 
tapes. Below is a sample output from the monitor's response to the 


request "T", 


MONITOR 
EDITOR 

PAL LiL 

ODT LOW 

O5 = HELP BOOTSP. 


oO 
ht 
‘ou of 


© 
a 
if 


3. Page 32, - Erase and Store Monitor 


This page is the last of Section I that is not required for 
primary operation of the monitor. The Erase procedure changes the 
tape label to reflect that any number of files have been deleted as 
long as they are located concurrently at the end of the list of files. 
The Store Monitor routine is utilized to record the monitor 
when a new master tape is being formed. The initial tape label is 
written during the recording of the monitor, thus initializing the tape. 


4. Page 33, - Store, Clear and Teletype 


This page contains the programs necessary to record a user 
program at the end of the tape file. User programs may be loaded 
anywhere in memory between 0. and 6577. to be recorded on tape. The’ 
monitor responds with the numbered position of the recorded program. 
To retrieve this same program the number must be retained. An "X" 
is then typed to indicate that the operation has been executed. 


The clear procedure is used by the monitor to clear all 


system flags located in the data handling system and teletype. 


23 





The necessary routines for operation of the teletype by t'e 
user or the monitor are located on this page. They include: 
(1) Carriage return and line feed subroutines; (2) Type subroutine; 
and (3) List subroutine. These allow the system to type characters 
one at a time or receive characters one at a time through the 


accumulator. 
5. Page 34, - Monitor Utility 


Utility routines are located on this page. These program: 
form the tape label in correct format and decide which branch is to 


be taken upon receiving a command from the teletype. 


6. Page 356 - Tape Subroutines and Scratch Pad 


All subroutines for operating the tape drive must be on the 
Same page. Many of the subroutines reference others li::ted on this 
page, thus reducing the amount of indirect calls. These routines 
enable the user or monitor to record, read, rewind, write logical 
gap: , or search the tape for appropriate records. Table III, 
Appendix A, lists each subre tine, address, and usc. 

A PAD subprogram is used to locate the scratch pad area on 
tape. In response to the command "P" the monitor transfers control 
to this procedure and the scratch pad area is located. The p:ogram 
then is terminated allowing the user complete control of the tape 


system. 
Jee bace 36. - Load and Load Monitor 


Any ni bered record on tape may be loaded into the computer 


memory through the use of the "L" command. Transfer of control is 
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assumed by the Load program and the symbols "#2" are typed. The 
desired number is entered on the keyboard and a check against the 
tape label is performed to insurc a proper request has been made; 
if not, an "E" is typed indicating an error. If the request is 
valid the designated program is loaded into memory between addresses 
0, and 6577. 

The Monitor may be recalled in its entirety at any time by 
the command "M''. Code is transferred to locations 0100, to 0141, 


and control is shifted to this bootstrap. The monitor is reloaded 


and control shifts to the Utility package on page 349° 


8. Page 37. ~ Recover anc Binary Loader 


ra . 





If only the top page of .ae monitor remains the rccover 
proce:’ure will enable the user to regain the fulJ. monitor program. 

The Binary loader is a PDP-8 package enabling the user to 
load desired programs at the proper address in memory. This 


package is fully described in Ref. l and 5. 


D. PAL III ASSE! WER MODIFICATION 

The mnemonic codes for tape contro] are not included in the 
assc:.bler's permanent symbol table. Table II lists the mnemonic 
codes for the dat: handling system and were ad “=d to the permanent 


symbol table as explained in Ref. ne 
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IV. RECOMM:NDATIONS 


In any system design project additional features seem to be 
desired. Not all design requirements were incorporated into the 
monitor but are presented here as a possible addition to the present 


system, 


A. REVISED TAPE LABEL FORMAT 

The existing tape label format allows for only one number to be 
written. A new tape label containing more information is desirable. 
The tape reel number, date of tape production, and number of records 
present should be recorded in aidition to the counter. When the tape 
is load: 4 and monitor activatec initially, the label should be read 
and typed ca th. teletype informing the user that the tape is the 


correct one selected and that the monitor is ready for use. 


B. SCRATCH PAD RETURN COMMAND 

The current design of the monitor allows the user a designated 
area to be utilized as desired. Return to this area can be 
accomplished by programmed control and must be specified by the user 
as explained in The User Manual, Appendix A. 

A more convenient method would be to add one more command to 
the monitor, performing the same task that the user must. 

With ean addition to the monitor it must be remembered that 
more memory is required and as a consequence user space is restricted. 
The design « such a monitor is a compromise at best and not all 


recommended changes may be feasible to incorporate. 
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APPENDIX A 


PDP-8/S MONITOR USER'S MANUAL 


This appendix lists step-by-step procedures for complete 
operation of the monitor system, Any special features or error 
messages are explained at the end of each section. Table III is 


presented as an aid in locating helpful input/output subroutines. 


jee initial Loading of Monitor 


1. Power on all units 

2. Load tape reel 

3, Press Load and Ready switcl es on PI 1207 RW (tape is 
positicned to refiective marker) 

. Set 0100 in switch re; ister; depress load address 

. Tocgle in tix: bootstr:> octal code listed in Appendix B 

. Set 0100 in swite’ res, ster; depress load address 

. Depress start. 


NOUS 


This activates the program and in turn the tape is positioned to 
read the monitor into the computer memory. After the tape has 


halted, depress the rewind selected on the PI 1207 RW. 


2. Monitor Execution 

1. Is menitcr loaded? If not execute section 1 

2. Set 7000 in switc': register, depress load address 

3. Depress start 

4. A question mark is typed; if not check section 2, then 

re-execute section 1 and 2. 
Once the monitor has been executed the order in which the pseudo 

commands are given depends entirely upon the user's desircs. 
It is s:ggested that the "T" and "c'' be executed to insure that the 


correct numbirs for system programs and the correct code for monitor 


operation is obtained. Future sections w'll be presented in a 
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logical manner as though a program were to be developed from 


beginning to end. 


3. Pseudo Command "L" (Load a Program) 


» Type "L' on keyboard in response to monitor's '"?" 


1 

2. Teletype responds with "#?" 

3. Type 2 digit number corresponding to desired program 
(i.e., 02 to load the editor program) 

4, Program is loaded or "E" is typed indicating number 
entered is larger than tape label file and program 
requested is nonexistent 

5. An "X" is typed indicating operation is complete, tape 
is rewound and stopped 

6. Depress stop 

7. Set initial address of requested program in switch 
register, depress load address 

8. Depress start. 


If a system program is ioaded the system manual should be 
consulted for correct operation. If a user program is loaded, the 
Starting address will remain the same as programmed. Execution of 
any program is discussed in Ref. 1. It is not necessary to store 
any system program after use since a fresh copy is always available 
on tape. Other programs may be loaded over the current one. If 
an "E" is typed after the loading of the program, inspection of the 
tape controller register will indicate the type of error generated 


on the tape system. In this case retry by repeating section 3. 


4. Psevdo Command ''S" (Store a Program) 


Salt 
9 


Load program from binary tape utilizing BIN lcader as 
specified in Refs. 1 and 5. 

Restcrt moritor im accordance with section 2. 

Type "S'" in response to ''?" 

Program is recorded and "X" is typed 

"H#xx" is typed indicating number assigned to recorded 
program. Symbols xx are filled with the two digit octal 
number 

6. Rewind is initiated and tape halted. 


i & Ww NY 
eo © 
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The number returned is the only identification a program 
receives and must be retained. When it is desired to load the 
Same program the number is typed in response to the "#?" generated 
by the load procedure. It is recommended that the ODT LOW (debugging) 
procedure be loaded prior to loading the binary tape of the user 
program. This will enable the uscr more flexibility in changing 
his routines without the necessity of repeating the programming 


effort. 


5. Pseudo Command ''M" (Ioad the Monitor) 
1. Monitor in control in accordance with section 2 
Zz. Type “M" in response to "?" 
3. Monitor is leaded and executed. 

An error 1 ill be indicated if a "?" is not typed and inspection 
of the tape controJler register will indicate the error. In this 
case a manual rewinc must be executed on the PI 1207 RW unit 
and address 0100 loaded and executed manually on the console. 

If user programs destroyec all of the monitor except the top 
page of memory, the recover procedure may be initiated by setting 


7600, into the sWitch register, depressing load address, and start. 


8 
A manual rewind must be performed after the tape has halted. 
Execute the monitor as described by section 2. If all of the 


monitor was destroyed section 1 and 2 must be executed to restart 


the entire system. 
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6. Pseudo Command "R'' (Erase Program from Tape) 


1. Type "R" in response to "2?" 

2. Monitor responds with "#?" 

3. Type the number of the first program that is desired 
to be removed from the tape file 

4. Tape label is checked to insure it is greater than 
number entered. If not "E" is typed indicating improper 
input from keyboard 

5. Tape label is rewritten reflecting new tape file and 
rewound 

6. An "X'' is typed indicating that the operation executed 


Tapes are not random access devices and, as such, cannot have 
files deleted randomly. Only files at the end of the tape m-y be 
deleted. The number entered is the first record to be deleted, 


but all records following that will be deleted as well. 


7. Pseudo Command "N" (Store Monitor) 


= eS EEE ee 


1. Load monitor from paper tape as described in BIN 
procedure 

2. Exectte monitor as described in section 2 

3. Type "N" in response to "?" 

4. Monitor and initial tape label are recorded. Rewind 
procedure is executed. 

The store monitor procedure should only be executed when form- 
ing a new master tape. A special procedure is required to initialize 


the tape label and record the monitor since the memory location 


and size is different than user or system programs. 


8. Pseu-o Command "'P" (Scratch Pad) 
ieebyoerr in response to ''?" 
2. Tape positioned to iatch pad area 
3. Tape halts. 


The user may now halt the monitor and begin using the tape as 


additional storage; however, the tare must be programmed in assembly 
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language or by subroutine jumps to the tape program listed in Table 


III. Examples of their usage are depictcd in Appendix B. 


9. Teletype Input/Output 


Many schemes can be utilized to print or retrieve inforration 
using the teletype. Packed coding is described in Ref. 1, indicating 
the proper procedur:'s needed to pack and unpack ASCII code. All 
Schemes need the ability to read and write the characters desired. 
Three procedures are necessary for teletype operation. Their 
locations are listed in Table III and may be used by subroutine calls 
to receive into the accumulator information entered from the keyboard, 
type information placed in the accumulator, and a carriage return 


line feed routine for control. 
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SUBROUTINE 


TITLE 


CRLF 


EYPE 


LISN 


READY 


WRITE 


READ 


WRBOT 


WREOR 


WREOF 


REWIND 


FLABEL 


RDTLB 


WRTLB 


SEARCH 


TABLE ITT 


INPUT/OUTPUT SUBROUTINES 


OCTAL 
ADDRESS 
6665 
6676 
6704 
7200 
7204 
DZ 
T2i7, 
7230 
7240 
7250 
7263 
7277 
(3L2 


7324 


OPERATION 


Carriage return and line feed 
Print one character 

Receive one character 

Delay until me is ready 

Set up for write operatic: 
Set up fo: read operation 
Write beginning of tape 

Write end of record 

Write end of file 

Rewind tape and alt at load point 
Find tape label 

Read tape label 

Write tape label 


Search tape for desired record 
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APPENDIX B 
PDP-8/S MONITOR LISTING 


BOOTSTRAP 


BOOT>s 


Se 


EOF » 
C» 
‘ADs 


MNEMONIC CODE 
*Q0100 
CLA CLL 
PFRD 
for 
JIMPeol 
PGE 
PSMS 

CE AsCLL 
E555 

AND EOF 
SNA CLA 
JMP.-3 
LS21C> 
oS 
CLA CLL 
PRDS 
PSDF 
JIMP.-!1 
DCA I AD 
ISZ AD 
JMP.-6 
HLT 

QO310 
Lia 
6908 


MAIN MONITOR LISTING 


CODE 
ADDRESS 
Q190 7300 
Q@1i01 6714 
9182 6701 
@103 5102 
@184 6732 
0105 6754 
0106 7320 
Q107 6761 
110 0125 
@11t 7652 
Q@112 5107 
@113 2126 
Oita 5104. 
11S 7320 
@116 6751 
ni? 46741 
0120 5117 
@121 3527 
9122 2127: 
123 S115 
Q124 7402 
Q@125 2010 
@126 7775 
Q@127 6200 
6900 7300 
6001 62046 
6002 1253 
6003 3252 
6004 1247 
6005 3252 
6006 4644 
6007 1245 
6010 3246 
6Bit 1652 
6012 4221 
6013 2252 
6214 2246 
6015 5211 
6016 2256 
6017 S206 

5651 


CODE» 


em 


Jl» 


een 


* 6000 


. 


COMMENTS 


CLL /SCLEAR AC & LINK 


tes “CLEAR PRINT FLAG 

TAD F /LOAD BASE 

DCA D /STORE BASE 

TAD CG /LOAD COUNTER 

DCA C 

JMS I CRLF /CARRIAGE RETURN 
TAD A Ji.O04D <8 

DCA B LOAD COUNTER 

TAD I D “LOAD 2@ CHARACTERS 

Sto 1Cr SPRINT 2 CHARACTERS 

ISZ D /D=Drl 

ISZ 8B Pont SVEN LINE PRINTED 
JMP JL /RETURN | 
ISZ C Zoe laven ALL LISTED 
JMP JQ /SKRETURN 

JMP IT MON RETURN TO MONT TOR 
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Ge 1 
6022 
6023 
6024 
6025 
6026 
6027 
6630 
6031 
6032 
6033 
6034 
6035 
6036 
6037 
6048 
6041 
6042 
6843 
6844 
6845 
6046 
6047 
6050 
6051 
6652 
6053 
6054 
6055 
6056 
6857 
60690 
6661 
6862 
6963 
6664 
6865 
6066 
6067 
6872 
6871 
6872 
6873 
6074 
6075 
6076 
6877 
61¢ 

616, 
6102 
6103 
6184 
6185 


CIGIOIG 
Bers 1 
1237 
824} 
Wile 
1 iteke 
Tkeke 
1240 
4HA43 
L237 
0242 
1/°40 
4643 
9621 
8000 
9240 
7700 
OO77 
6676 
6665 
T7723 
UOGD 
7765 
OB6G8 
7300 
HOBC 
6054 
6303 
3593 
6364 
2762 
4500 
6962 
S747 
1600 
39468 
3569 
9457 
4144 
8663 
BO66 
6257 
4716 
5568 
3900 
5457 
4144 
8255 
5756 
59164 
57162 
6408 
3506 


TOPs 


Bls 
Ce> 
Cl» 
C3; 


TYPE, 
CRLFE> 


As 
Bs 
CC» 


MONs 
Ds» 
Fs 
Es 


B 

DCA 
TAD 
AND 
CEI 
Ce 
CLL 
TAD 
JMS 
TAD 
AND 
TAD 
JMS 
JMP 


240 
7700 
TT. 
667 
6665 
7770 


T7165 
7000 


e+] 

6300 
350G 
6364 
5762 
4508 
6062 
S747 
1629 
5 46G 
35093 
S457 
4144 
00063 
GO60 
6257 
A716 
5566 
3590 
5457 
4144 
0855 
5756 
5164 
5762 
6402 
3586 


SUBROUTINE TO PRINT 2 CHAR. 
BP 7S1ORE 2 CHARACTERS 
Bit /LOAD SAME CHARACTERS 
Cl /MASK LAST 6 BITS 
RTR /ROTATE 2& RIGHT 


Rolie 7. * 

Ro 7 2! 

C2 /GENERATE ASII 
Peres APs SUBROULINE 


Bi LOAD CHARACTERS 
C3  /MASK FIRST 6 BITS 


C2 /GENERATE ASII 
I TYPE /TYPE SUBROUTINE 
i TCP / RETURN 


/BUFFER 

/ASII FOR SPACE 

“MASK FOR LAST 6 BITS 
/MASK FOR FIRST 6 BITS 


LG 

/BUFFER 

7A 

“BUFFER 
MONITOR ADDRESS 


ZADDRESS OF E 
/LIST OF CODE TO FOLLOW 
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" 6106 
6187 
6112 
6111 
6112 
6113 
6114 
6115 
6116 
6117 
6120 
6121 
6122 
6123 
6124 
6125 
6126 
6127 
6130 
6131 
6132 
Giles 
6134 
6135 
6136 
6137 
6140 


6141 - 


6142 
6143 
6144 
6145 
6146 
6147 
Gls 
615i 
6152 
6153 
6154 
6155 
6156 
61o7 
61 6G 
6: 61 
6162 
6163 
6164 
6165 
6166 
6167 
6170 
61 71 
6172 


a4 | 
6364 
B0B64 
A169 
4500 
BEBO 
4380 
3506 
3 Se 


“9651 


6457 
6266 
A357 
4445 
6060 
3568 
6343 
6241 
6443 
9080 


~ 6841 


4406 
6200 
3500 
4562 
4163 
4508 
4146 
6445 
6203 
T0600 
3566 
4570 
43543 
6564 
4544 
BUG 
OUC68 
4500 
3506 
> AAI 
6045 
GBB45 
6262 
> oe 
O00 
5600 
3500 
6364 
Soc 
A580 
Door 
Guo 


94951 
6364 
OB64 
41 6G 
4560 
BOOB 
4303 
3500 
Door 
Ioot 
6457 
6200 


A357 . 


4445 
6000 
3586 
65:43 
62 41 
6443 
5208 
6041 
A400 
6200 
35600 
4562 
Ail63 
4500 
4146 
6445 
6203 
T0606 
3500 
AS70 
4543 
6564 
4544 
O800 
BOG 
4500 
3500 
6441 
“BAS 
(945 
GE6e 
S76c 
GBUG 
5680 
3506 
6364 
5162 
4500 


Sood ° 


2ONG 
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wei 73 
6174 
6175 
P76 
A177 
6200 
6201 
6202 
6203 


6204 
62035 
6296 
6207 
6218 
6211 
6212 
Gels 
6214 
6215 
6216 
Gear7 
6220 
6e21 
6222 
6223 
6224 
62e5 
6226 
6227 
6238 
6231 
6ece 
6233 
6234 
625 
6236 
Gest 
62 408 
6241 
6242 
6243 
62 4-% 
be 
62.4% 
624." 
G25: 
6251 
C2 oc 
62e253 
6254 
6255 


HOGG 
3 760 
3500 
9G4A5 
T1064 
0043 
Soo 
9541 
9644 


7306 
6046 
he ST 
B56 
a3 
Be 4 
4650 
1e51 
Seo 
1656 
Wee. 
Cane 
eee 
Bic 3S 
2coS4 
5212 
560) 
OB06 
Sc 43 
1243 
B245 
AV Le 
Thre 
7112 
1244 
4647 
heAs 
O246 
1244 
4647 
5625 
CABG 
G240 
7700 
0877 
6676 
6665 
Tio 
9QBGG 
Hat 3 
GBB09 
T2900 


es 


Je» 


Jl; 


TCP, 


Bl>s 
Ces 
Ci, 


TYPES 
CRLF s 


A» 


\ CC>s 
C» 
MON, 


BPAH 
3700 
3500 
5645 
TO64 
0643 
Stoo 
po 4! 
S644 


* 620 
CLA 
Ris 
TAD 
DCA 
TAD 
DCA 
JMS 
TAD 
DCA 
TAD 
JMS 
PSZ 
SZ 
JMP 
1SZ 
die 
JMP 
Q 
DCA 
TAD 
AND 
CLL 
CLL 
Cir ie 
TAD 
JMS 
TAD 
AND 
TAD 
JMS 
JMP 


248 
7760 


6676 
6665 
7770 
T7773 


70060 


4 
CLL /CLEAR AC & LINK 
/CLEAR PRINT FLAG 
F /LOAD BASE 
D /STORE BASE 
ECuEs,EOCAD COUNTER 
G 
femeeNeta /CARRIAGE RETURN 
A /LOAD <8 
B /iLOAD COUNTER 
Lee ZeGAd ee CHARACTERS 
TCP /PRINT 2 CHARACTERS 
D /D=D+t1 
B /SKIP WHEN LINE PRINTED 
Ji /RETURN | 
C /SKIP WHEN ALL LISTED 
J2 RETURN | 
I MON /RETURN TO MONITPR 
-/SUBROUTINES TO PRINT @ CHAR. 
Bi STORE 2 CHARACTERS 
Bi /LOAD SAME CHARACTERS 
Ci /MASK LAST 6 BITS 
RTR /SROTATE 2 RIGHT 
RTRs" 
Ri s7! 
C2 /GENERATE ASII 
I TYPE /TYPE SUBROUTINE 
B1 /LOAD CHARACTERS ; 
C3. /MASK FIRST 6 BITS 
C2 /GENERATE ASII 3 
I TYPE /TYPE SUBROUTINE 
I TCP /S RETURN 
/BUFFER 
SASII FOR SPACE 
/MASK FOR LAST 6 BITS 
/MASK FOR FIRST 6 BITS 
/-8 
/BUFFER 
1-5 
/BUFFER 
/MONITOR ADDRESS 
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6256 
6257 
6269 
6261 
6262 
6263 
6264 
6265 
6266 
6267 
6272 
6271 
6272 
6273 
6274 
6275 
6276 
6277 
63008 
6361 
6202 
6303 
634 
6305 
6306 
6207 
6318 
6311 
Soo. 2 
S313 
6314 
6315 
6316 
Sai? 
6326 
6321 
6322 
6323 
6324 
6325 
(6326 
6327 


6446 
6441 
6442 
6443 
6444 
6445 
6446 
6447 
6450 


BOOB 
6260 
9509 
9635 
DOSS 
3756 
3164 
9762 
OYGO 
06008 
e02e 
O2035 
OBBAS 
4451 
6457 
62008 
O0000 
6600 
a0 ac 
Q635 
00 60 
4154 
O651 
St Sl 
BGOE 
OBGO 
eed 
0835 
BOS7 
4464 
QBBS54 
9767 
OBB 
BOG 
evas 
0035 
BU50 
AS54 
6002 
4257 
9764 
6360 


73600 
1357 
S120 
1360 
315 Od 
4762 
4155 
AT&T 
ATSA 


D» 
Fs 
E » 


STOREM, 


B 
e+} 
Dow 
BB35 
QBS5 
39756 
9164 
2 uGe 
OBO 
OGG 
2be2 
0835 
BO45 
4451 
6457 
6200 
BBG 


| 8960 


223 
Bua 
0G 64 
4154 
OBSi 
9151 
OBOH2 
OBO 
eV2e4 
0835 
O2857 
4464 
OBS4 
27 6” 
BBO 
OOB8 
20a 
BO35 
QBS2 
A554 


‘6880 


4257 
9764 
63 60 


* 6440 


/ADDRESS OF E 


Fie ot OF 


PRO Ge 


ON TAPE FOLLOWS 


CUGmMOGEL/CEEAK AC & LINK 
/LOAD TAPE LABEL 


TAD 
DCA |] 


TAD 
DCA 


JMS 
JMS 
JMS 


A 
B 
Mom 
I 
I 
I 


BUF 
START 
TSAO 

WRBOT 

WREO F 

WRTLB 

WREOR 


F SVORE 
ADDRESS 
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6451 
6452 
6453 
6454 
6455 
6456 
6457 
6 460 
6461 
6462 
6463 
6464 
6465 
6466 
6467 
6470 
6471 
6472 
6473 
6474 
6475 
6476 
6477 
6592 
6501 
6502 
6583 
6504 
6585 
6546 
6567 
65198 
6511 
6512 
6513 
6514 
6515 
6516 
6517 
652eG 
6521 
6522 
6523 
6524 
eoc0 
65e6 
6527 
Gao 
6531 
S53C 
6533 
6534 
6539 


4ATSS 
4762 
ATSS 
Eat OS 
6754 
4164 
7300 
1761 
6744 
on ti 
5262 
e361 
Beol 
4AT54 
A755 
A750 
4756 
5741 
7390 
6046 
A743 
71306 
336 
A742 
Poo 
4742 
A743 
AT44 
4745 
4746 
4TS9 
1751 
TH4l 
ioc 
7710 
Seo 
1751 
Sao 
4ATAS 
ATAT 
47154 
ATS9 
ATSG 
A756 
STAI 
7300 
6046, 
ATASZ 
1300 
1346 
4TA2 
4ATA4A3 
5741 


ERASE» 


ERR» 


JMS I 
wus. I 
JMS I 
JMS I 


C19 

WRBOT 

WREOF 

WRITE 

Pots Zee ODE SELECT 
JMS I READY 

Clepwclia /CLEAR AC & LINK 


hope) Be7EOQAD WORD 

Reps 7 Via es ets) 

Die /SKIP ON DATA FLAG 
JMP.-1 JUMP 
S24. B JING. & SKIP ADDRESS 
JMP.-6 JUMP 

wo Lo WREOK 

JMS I WREOF 


“JMS Y REWIND 


JMS I TYPEA 
JMP I MON 

CLA CLL 
TLS 
JMS 
CLA 
TAD 


/RETURN.- TO 
/CLEAR AC & LINK 
/CLEAR PRINT FLAG 
I CRLF 
Cie 
SeGa 
So le dee 
TAD QUE 7°?" 
Scot) Ure 
JMS CRLF 
JMS FORML 
JMS. FLABEL 
JMS RDTLB 
JMS REWIND 
TAD LABEL /LOAD LABEL 
CIA Yee oO Olina. 
TAD I KEY /ADD KEY 
SPA CLA /SKIP JF AC>=03 
Stee eR ere UMP TC 
TAD I LABEL 
DCA I BUF 
histo emoel 
JMS I WRTLB 
JMS ) © WREOds 
JMS I WREOF 
oom le KE WOND 

I 

I 

C 


MONITOR 


fi att 


— << kt et 4 bt 


CLEAR 
ERROR ROUTINE 

“LOAD LABEL 

/7STORE LABEL 


JMS TYPEA 
JMP MON 
Cea CLL 

iS /CLEAR PRINT FLAG 
JMS I CRLF 

CLA CLL 
TAD E 
JMS 
JMS 
JMP 


/RETURN TO MONITOR 


7 fee 
Hee Yee 
I CRLE 


I MO’ “RETURN TO MONITOR 
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6536 
Bo3f 
6548 
6541 
654e 
6543 
6544 
6545 


6546. 


6547 
6550 
Bo | 
BOC 
6553 
6554 
Se gees, 
6556 
Soot 
6560 
6561 
6562 
6563 
6564 


G243 
0277 
O30D 
TO0G 
6676 
6665 
7663 
1263 
Held 
ole 
7250 
wlos 
eo > 
TI54 
71236 
T2A4AD 
7652 
GUB3 
6050 
8000 
fel? 
q#24 
7260 


7309 
46559 
A656 
4654 
7261 
1647 
3647 
1647 
3646 
AG 2 
4657 
4669 
4661 
4654 
4662 
1244 
S245 
4663 
6754 
4664 
73G0 
1645 
6744 
6741 
Sec 7 
2245 
1245 
1256 


Di GNs 


QUE» 
Es 
MONs 


TYPE>s 
CRLF» 
FORML >» 
FLABEL =» 
RUTLBs 
WRTLB» 
REWIND, 
LABEL» 


KEY» 
BUF >» 


WREOR> 
WREOF » 
TY PEAS 


4» 
As 
Bs 


WRBOT » 
WRITE>s 
READY =>» 


STOKES 


\J \ Fg 


B2A3 es 
Q277 joo 
Q305 7 
7000 

6676 

6665 

7063 

7263 

7277 

7312 

7250 

tore 

oo 

1754 

7230 

712.40 

7452 

0003 

6080 

GUC /BUFFER 
Tela 

7204 

7200 

* 6600 

CLA 

JaS I FLABEL 
JMS I RDTLB 
JMS I REWIND 
CLA IAC /AC=1 
TAD I KEY 

DCA I KEY 
TAD I KEY 
DCA I BUF 
JMS I FLABEL 
JMS I WRTLB 
JMS I WREOR 
JMS I WREOF 
JMS I REWIND 
JMS 1 SEARCH 
TAD A 

DCA AD /STORE 
JMS I WRITE 
PSMS 

JMS I READY 
cea rl 

TAD I AD 

PLDS /URITE 
PSDF SKIP 
JMPe-1 JUMP 
ISZ AD /INC. 
TAD AD 

TAD COUNT 


/ZADDRESS OF MONITOR 


/TAPE LABEL 
/7START ADDRESS 


CLL /CLEAR AS & LINK 


7BUMP COUNTER 


/STORE 


/LOAD 


/STORE 


/LOAD START ADDRESS 


/SLEW MODE SELECT 


/LOAD 
WORD 
ON DATA 


ADDRESS 


/LOAD ADDRESS 


/LOAD 


LORD 


FLAG 


tor ADDRESS 





>) 


6634 
6635 
6636 
6637 
6640 
6641 

6642 
6643 
6644 
6645 
6646 
6647 
66590 
6651 

6652 
6653 
6654 
6655 
6656 
6657 
6660 
6661 

6662 
6663 
6664 
6665 
6666 
6667 
6670 
6671 

6672 
6673 
6674 
6675 
6676 
6677 
6708 
6761 

6762 
6783 
6704 
6735 
6706 
6707 
6710 
6711 

6712 
6713 
6714 
6715 
6716 
6717 
6720 


T6649 
Heat 
4666 
A661 

A654 
4652 
AiGoo 
BOD 

OG60 
Q02B 
TI54 
TiO 
1266 
TO00@8 
52 
7103 
7256 
Tacs 
1277 
Toke 
1290 
7240 
7324 
TeG4 
1208 
BBBO 
7308 
1274 
4276 


'4275 


4276 
5665 
215 
O22 
G80 
6041 
Dee 
6046 
7320 
S676 
OB00 
6031 
9305 
6036 
6046 
5704 
O068 
T3900 
6714 
6736 
G714 
6736 
6761 


A> 
AD» 
BUF > 
KEY >» 


COUNT, 


MON» 


TYPEX, 
NUMBERs 
REWIND» 
FLABEL>» 
RDTLB» 
WRTLB » 
WREOR» 
WREOF » 
SEARCH » 
WRITE» 
READY» 
CRLF» 


C3. 
CA> 


TYPEs 


LISNs 


LEAR» 


Sawn 7 Sicte AC=03 CLEAR 

JMP WW Z JUMP 

JIMS I WREOR 

JMS I WREOF 

Jhon REWLND 

ioe | fei 

JMS I NUMBER | 

JMP I MON /RETURN TO MONITOR 

QVROV FP oak) ADDRE oS 

ABO /BUFFER 

7754 /ADDRESS OF BUF 

TSS /ADDRESS OF KEY 

1200 ZiOr LOPES 

7800 /JA&DDRESS OF MONITOR 

7852 FIVE A 

T13 

7256 

7263 

Tea 

7312 

1230 

7246 

7324 ; 

T1204 

7208 | ; 

Q /CARRIAGE RETURN LINE FEED 

Chere reee7 CLEAR AG & LINK 

Tapes 7LOAD Ce Ra 

JMS TYPE Zire 

TApeG4 7IZOAD Le Fs 

UMo. LY PE TYPE 

JMP lt CRLF /RETURN 

9215 /SCARRIAGE RETURN 

gele /LINE FEED 

Q 7TYPE SUBROUTINE 

ES /SKIP IF FLAG SET 

JIMPe-1 “JUMP > 

TLS Zien Gi 

CLA CLL /CLEAR AC & LINK 
clio 1 ie is SRETURN 

@ /JACCEPT CHARSCTER SUBROUTINE 

KSF : 

JMP.-1 

KKB 

Ailes 

ore i LISN /RETURN 

0 PCLENR. So. Se 

CATO y7 crews AG & LINK 

PFRD /EWDe SEL. READ 

eras. /7CLEAR TAPE 

PFRD 

PCHLT 

Feolk 


ZoRTP IF SYS. READY 
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eral 
6722 
6723 


7000 
7081 
7002 
7003 
7004 
7005 
71006 
7087 
7010 
7611 
7012 
7813 
7014 
7015 
7016 
7217 
1620 
7021 
71022 
7023 
7024 
7025 
7026 
7027 
7030 
7031 
1032 
7033 
7034 
7035 
1036 
7937 
78.49 
7041 
7042 
71043 
TB 44 
7045 
1B.46 
TBAT 
7050 
7251 
7052 
71053 
TOS4 
725° 
71056 
7057 
1860 


Soc 
7360 
pale 


A777 
6046 
AT64 
1341 
AT65 
AT64 
4766 
3336 
AT64 
1336 
134e 
7650 
5767 
336 
1343 
7650 
5776 
1336 
1344 
7650 
S771 
1336 
345 
765@ 
S772 
1336 
1346 
T6529 
S773 
1336 
1347 
765 
S774 
1336 
1359 
T6590 
S125 
PoaoG 
1351 
765G 
5776 
5263 
BBBB 
owe 
6046 
AT64 
73230 
eae 


AT65S 


MON» 
As 


Bs» 


Tyre As 


JMPe-i JUMP 

Giger CEG 

JMP I CLEAR /RETURN 

* 7000 

JMS I CLEAR /SCLEAR SYS. 
TLS Feeney) FLAG 

JMS I CRLF FORE 

hap. Clo 7EOAD **?" 

JMS I TYPE PALE 

eo ek CRLF /CRLF 

ors 1 EESN /LISN 

DCA B1 /STORE CHARACTER 

Mio. CRLF CRLF 

TAD Bi 

TAD Cz 

Samia, Skil P LRoNOT “LL” 

JMP I LOAD /LOAD ROUTINE 
TAD Bl 

Hap Co 

SNA CLA /SKIP IF NOT ‘"S" 

JMP I STORE /ZSTORE ROUTINE 
TAD B: 

TAD C4 

SNA Gifeyoxie iF NOT *M" 

JMP I LMON /LOAD MONITOR ROUTINE 
TAD Bl 

TAD Go 

GnaeelLaA 7ZSKIP If NOT “T" 

JMP I LIST /LIST PROGe ON TAPE 
TAD Bi 

TAD C6 

SNA CLA /SKIP IF NOT "C" 

JMP I CODE Z7Li1st CODE ROUTINE 
TAD Bl 
TAD C7 

SromCi Aue oKle £F NOT “PrP 

JMP I PAD /SCRATCH PAD ROUTINE 
TAD Bl 

TAD C&S 

SNA CLA /SKIP IF NOT 'R°* 

JMP I ERASE /ERASE ROUTINE 
TAD Bl 

TAD C9 

SNA CLA /SKIP IF NOT “N' 

JMP I STOREM SSTORE MONITOR ROUTINE 
JMP B /ZASK FOR COMMAND 

@ /TYPE EXECUTED ROUTINE 
Gea CLE /CLEARK AC & LINK 

1 es 7CLEAR PRINT FLAG 

wo ) “CREE CRLF 

CLA CLE 

HAD CIONZLOAD “A 

Mol EYPE 
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7061 
7062 
7863 
7064 
7065 
7066 
7067 
7676 
707) 
"7072 
7873 
TOTA 
7875 
1076 
7O77 
7109 
7161 
7102 
7163 
T1604 
T7105 
1186 
T1G7 
T1106 
TW1i11 
7112 
T7113 
T1114 
715 
7116 
T7117 
7120 
7121 
7122 
7123 
T7124 
Ties 
7126 
ne 
7130 
iol 
7132 
7130 
7134 
GL3S 
7136 
7137 
TL AG 
T1141 
7142 
7143 
7144 
T145 


AT6A 
SOJe 
BQHG 
4766 
1356 
3336 
ATG66 
oO 
3337 
ATE4 
1336 
T1604 
7104 
T1064 
1337 
1354 
3763 
5663 
GBB0 
6846 
AT64 
1762 
SoD 
3336 
1336 
8368 
7110 
7116 
7110 
PSS 7 
3337 
1336 


0361: 


ToS 
3348 
6046 
1353 
4765 
7386 
1337 
4765 
73k J 
123.40 
AT6S 
9703 
BBG0 
Ore 
B68 
O277 
7464 
TASS 
7463 
TAS4 


FORML» 


NUMBER=, 


Bl>s 
Bes 
Bos 
Ci» 
Ces 
C3» 
CAs 
C5» 


JMS 
JMP 
B 
JMS 
TAD 
DCA 
JMS 
TAD 
DCA; 
JMS 
TAD 
CLL 
CLL 
CULE 
TAD 
TAD 
DCA 
JMP 
0 
TLS 
JMS 
TAD 
T&D 
DCA 
TAD 
AND 
cE 
CLL 
CLL 
TAD 
DCA 
TAD 
AND 
TAD 
DCA 
Wes 
TAD 
JMS 
CLA 
TAD 
JMS 
CLA 
TAD 
JMS 
IMP 
OBES 
BO08 
OOK 
0277 
T7464 
7455 
TA63 
T4354 


I CRLF 
I TYPEX / RETURN 
/FORM LABEL ROUTINE 
I LISN 
M260 /STRIP 
B1 “STORE 
I LISN 
M269 / STRIP 
B2 /STORE 
I CRLF 
Bl /LOAD 
RAL /SHIFT LEFT 1 
RAL 
RAL 
B2 /FORM CHAR 
K ADD 2 
I LABEL / STORE 
I FORML / RETURN 
/TYPE PROG. # 
/CLEAR PRINT FLAG 
1 CRLF 
I KEY /LOAD COUNT 
MK /ADD -2 
Bl /STORE 
Bl /LOAD 
MASK 1 / STRIP 
RAR /SHIFT RIGHT 1 
RAR 
RAR 
K260 /FORM ASCII 
B2 /STORE 
Bl /LOAD 
MASK2 /STRIP 
K260 /FORM ASCII 
B3 /STORE 
Cll 7a 
I TYPE /TYPE 
CEL | 
Bem ECAnn lS hae 
I TYPE 
elle 
B3 /LOAD ID #4 
I TYPE 
I NUMBER / RETURN 
/BUFFER 
Jae 
74OD “L" 
ZO pos 
7MOD "th" 
ote | : ! 
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7146 
TIAT 
T1560 
Wid! 
wi Sc 
fio3 
FiS4 
19 
7156 
WAST 
7160 
7161 
Toc 
7163 
T164 
7165 
7166 
7167 
71728 
7171 
tiie 
7173 
T174 
tiv 
T1176 
Tit 


7200 
7261 
1262 
7283 
T2eGA 
7285 
12.06 
T20T 
7218 
Teli 
7212 
tei 3 
1214 
Teis 
T2116 
Tel1T 
Yece 
Tee} 
feee 
1223 
1224 
T22e5 
1226 
TeeT 
71236 


TATS 
TAG6B 
T7456 
RAG? 
Bast 
8243 
GOG62 
71776 
onc 0 
B260 
CB73 
9807 
Ti 
7753 
6665 
6676 
6764 
T467 
6660 
TACB 
6204 
6009 
7350 
6473 
G440 
6712 


OBO 
6701 
$201 
5600 
BB08 
7360 
6702 
4260 
96134 
HBGG 
6736 
4209 
6714 
4200 
5611 
BBB8 
7306 
42134 
6704 
67Al 
saeS 
6736 
A20G 
9617 
OBO 


Ges 
Cis 
CS» 
CY» 
C1G> 
Cils 

K » 

MK » 
M260» 
K26G» 
MASKi>s 
MASKC>s 
KEYs 
LABEL» 
Cho s 
TeyeeS > 
LIS'Ns 
LOAD, 
STOREs 
LIMON, 
iol 
CO DE» 
PAD» 
ERASE>s 
STOREM>s 
CLEARs 


READY » 


WRITE> 


READ» 


WRBOT> 


WREOR> 


T4795 
T4606 
TASG 
TAGS) 
6350 
8243 
OVGe2 
T1776 
Toco 
02 60 
0B70 
6007 
TOO 
ios 
6665 
6676 
6704 
T4467 
6608 
7400 
6204 
6600 
7356 
6473 
G44B 
6712 


* 7200 


Q 
PSSER 


Uist 
JMP I READY 


0 


LZaeo GC" 

Pea ee 

PATON Dae Ra 

7MOW tN 

foe 

Pore 

[+2 

[-2 

1-260 

/+260 

/18*S MASK 

71'S MASK 

/KEY 

/LABEL 

/LOAD MONITOR 
/LIST PROGe ON TAPE 
/CODE FOR MONITOR 


/STORE MONITOR 


/ZREADY SUBROUTINE 
ZSKIP IF SYSTEM READY 
ZIUAP 

/ZRETURN 

/SET UP FOR WRITE SUBROUTINE 


CLA CLL /CLEAR AC & LINK 


PwMS /WRITE MODE SELECT 
JMS READY / READY 

JMP I WRITE / RETURN 

Q /SET UP FOR READ SUBRJUTINE 
PCHLT /CLEAR FLAGS 

JMS READY / READY 

PFRD /FWD. SELECT READ 

JMS READY / READY 

JMP I READ /RETURN 

GB JWRITE BOT SUBROUTINE 
CLA CLL /CLEAR AC & LINK 

JMS WRITE /WRITE 

PBOT /WRITE BOT 
PSDF /SKIP ON DATA FLAG 
JMP.-1 / JUMP 

PCHLT /CLEAR FLAGS 

JMS READY 

JMP I WRBOT / RETURN 

Q /JWRITE EOR SUBROUTINE 
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nel 
falc 
fe33 
T234 
w23> 
me2o6 
Real 
7246 
7241 
7242 
7243 
T2244 
T245 
T7246 
T2A4l 
72508 
7251 
mee 
Hoos 
T254 
1232 
7256 
7257 
7260 
7261 
7262 
7263 
T7264 
7265 
7266 
feo l 
7276 
12 71 
TeT2 
7273 
T2T4 
7275 
et © 
weil 
71380 
7301 
7382 
7363 
1304 
7365 
7306 
T7307 
7318 
7311 
7312 
7313 
T3114 
Mol 


7300 
4204 
6771 
67Al 
5234 
4200 
5630 
B80 
7300 
42G4 
Cn ee 
6741 
S244 
A20G 
5648 
G80G08 
4211 
6764 
6761 
g262 
7656 
S20 
6736 
4200 
S600 
8160 
QBBG8G 
4211 
6754 
4208 
7380 
6761 


8347 


7650 
5270 
6736 
A20G 
5663 
BBO 
A211 
6754 
7302 
6751 
6741 
5304 
3746 
6736 
A2BO 
sold 
6060 
A2BA 
6754 


17450 


WREOF » 


REWIND» 


BOT; 


FLABEL=»s 


RDTLB» 


WRTILBs 


Clamcee *SCULAR AC & LINK 
JMS WRITE ZR ve 
PEOR “WRITE EOR 


Pov 7SKIP ON DATA FLAG 
JMP.e-1 JUMP 

JMS READY 

JMP I WREOR /RETURN 

QB 7WRITE EOF SUBROUTINE 
CLA CLL /CLFAR AC & LINK 
JMS WRITE “WRITE 
PEOF FUR) Teegee 

PSDF 7SKIP ON DATA FLAG 
JMP.-1 7JUMP 

JMS READY / READY 

Hive oT WR EOF RETURN 

Gg /SREWIND SUBROUTINE 
JMS READ 7 READ 

PRE W /ZREWIND & LOAD 

oo PSGUSE SYS. STATUS 


AND BOT /BOT MASK 
SNA CLA /SKIP AC NOT = @s CLEAR 


JIMPe-3 JUMP 

PC wi! 7CLEAR FLAGS 

JMS READY / READY 

JMP I REWIND /JRETURN 

G1eG% /BOTsL.OAD POINT MASK 
@ 7FIND TAPE LABEL SUBROUTINE 
JMS READ 7READ ROUTINE 
PSMS 7SLEW MODE SELe 

JMS READY 

CLA CLL 

Poo o /SENSE SYSe STATUS 


AND EOF /EOF MASK 


SNA CLA /SKIP AC NOT = O35 CLEAR 
JIMPe=-3 

PCH 

JMS READY ; a 

JMP 1 FLABEL RETURN 

Q /ZREAD TAPE | ABEL SUBROUTINE 
JMS READ 7ZREAD ROUTINE 

PSMS /SLEW MODE SELECT 


CLA CLL /CLEAR AC & LINK 


PRDO 7READ LABEL 

PobDr /SKIP ON DATA FLAG 

JMPe.-1 7 JUMP 

Beret KEY /STORE LABEL 

eC le, POLE RerLAGS 

JMS READY /REA: Y 

JMP I RDTLB JRE TURN 

b /WRITE TAPE LABEL SUBROUTINE 


JMS WRITE /WRITE ROUTINE 
PSM 5 /SLEW MODE SELECT 
emer LOAD NEW LABEL 
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7316 
7317 
7320 
fSc tk 
Roce 
Hoc3 
7324 
aoe 
71326 


foil - 


7336 
7331 
7332 
7333 
7334 
H332 
7336 
71337 
7349 
7341 
7342 
7343 
7344 
7345 
7346 
T347 
7350 
7351 
igoe 
Tso 
7354 
WS OD 
7356 
woo 
7360 
f361 
7362 
7363 
7364 
7365 
7366 
7367 
7370 
oat 
iste 


TABG 
7401 
T7482 
T4B3 
T1404 
— 1405 


6744 
674) 
Sone 
6736 
4200 
arle 
GOOG 
1746 
7041 
3746 
1 | 
Ggue 
A420G 
71300 
6761 
B34A7 
7656 
5334 
2746 
SOO8 
6736 
A268 
59724 
T754 
iio o 
00106 
7308 
L367 
Safa 
A262 
Ae { 
4250 
7281 
1746 
3746 
4324 
mena, 
eole 
5362 
42 48 
red 
i442 
fe ae 
VUG¢ 
6608 


TSoO 
fe223 
Gece 
1216 
Se led 
1220 


SEARCH, 


GA!» 


BUF » 
KEY» 
EOF» 
PAD, 


Ts 
Ls 
MON: 
Vt 


LMONs 


Pale Penn vA tA BURFPER & STEP 
PSDF ZSKIP ON DATA FLAG 
wroe =) / JUMP 
Gite ZOE Ak oa G 
JMS READY / READY 
JMP I WRTLB SRETURN 
6 7sernCie SUBLOUTINE 
Repel KEY Zeon: COUNTER 
CIA Lets COMP. 
DCA I KEY 7STORE COUNTER 
JMS READ /SREAD 
PHAS Avis PEED ok LEC | 
JMS READY SREADY 
CEA CLE /CGLEAR AG & LINK 
wipooo LOB oi eo hoe (STATUS 
AND EOF SAND EOF MASK 
SNA CLA /SKIP AC NOT =6;3 CLEAR 
JMPe-3 JUMP 
Roce l KEY /BUMP COUNTER 


JMP GAP /s JUMP 


eal /CLEAR FLAG 

JMS READY J READY 

gee. § SEARCH RETURN 

i (54 /LABEL 

to} ZObDKke SS 

0810 /SET BIT 8 TO 1 
Cieclie SCLEAR AC & LINX 
TAD T LOAD COUNT 

DCA TT SSTORE 

JMS FLABEL FIND LABEL ; 
Moo RDTLB ZREGD TAPE LABEL 
JMS REWIND SREWIND 

CLA LAC /AC=1 

TAD I KEY Ren AE Y 
DCA I KEY FSO: 

JMS SEARCH SSENRKRCH 

JMS WRBOT Ze LTe BOT 
Hol SINC. €& SKIP 

JMP.-2 SS JUMP 

JMS WREOF SEO 

JMP I MON ZRETURN TO MONITOR 
1742 L234; 

TTT f=) 

7080 SMONITOR 

CBOE /BUFFER 

* 7400 

eee Cle ZCLEAR AC & LINK 
TAD S ZeEOrDestTAKT ADDRESS 
Verne s>  7S1ORE 

TAD P /EOAD NEW ADDRESS 
DCA PP SSTORE 

TAD C ZLOAD WORD COUNT 
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TAQG6 
7407 
TA1LD 
7411 

7412 
nals 
7414 
T4195 
TAIG 
T7417 
TACO 
7421 

7422 
7A23 
71424 
7425 
7426 
7427 
7438 
7431 

i4ec 
7433 
T434 
7435 
7436 
7437 
T4406 
7441 
TA42 
T443 
T7444 
T445 
T7446 
T447 
74508 
7451 

7452 
7453 
7454 
7455 
7456 
7457 
7460 
7461 

7462 
T4628 
T4EA 
7465 
7466 
T467 
TATB 
T471 

7472 


Sco l 
1622 
3617 
Bees 
2217 
Beet 
9207 
5616 
8100 
GOB 
LIS 
GBOP 
YPOBG 
1424 
7300 
1136 
ooo! 
4536 
ilo 
SS3 
49537 
6754 
4542 
7360 
675i 
6741 
Sis 
Coss 
eho 
511 | 
71306 
6761 
B134 
7648 
7462 
4535 
4548 
59541 
BO83 
7755 
6800 
BOGB 
7610 
7258 
To e4 
etl 
oe 
7TH69 
T7200 
7360 
6646 
ATTA 
7O00 


Ps 
PP, 


CC» 
S02 
Ss 

NN» 


LOAD, 


DCA 
TAD 
DCA 
Poe 
Poe 
sy4 
JMP. 


JMP I P 


B1G0 
Q0GB2 
T135 
BOG 
BOOB 
ot] 
71388 
11306 
3oCi 
4536 
1132 
SiS 
4537 
6754 
4542 
7300 
6751 
6741 
$113 
Soc 
2133 
5111 
7300 
6761 
9134 
7640 
7402 
4535 
A548 
$541 
O83 
7755 
6880 
GEC 
7610 
1250 
1324 
7211 
7852 


CC 
I 

I 

SS 
PP 
EE 
-5 


7006 


7200 


CLA CLL 


TLS 


JMS I CRLF 
CEAN@GlEien/ Cl.2 1k 


ZO Ris 
Se /LOAD WORD 
PP /STORE 
PiiCes ADDRESS 
/ es ee 
/BUMP COUNTER 
7 JUMP 
/CONTROL TO 
NEW ADDRESS 
/BUFFER 
/COUNTER 
/BUFFER 
/BUFFER 
SADDRESS OF NN 
Zoveiw CODE hE KE 


LMON 


/CLEAR 
CLEAR 


AC & LINK 
PRINT FLAG 
/ CRLF 

AC & LIN 
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TAT3 
TATA 
TATS 
TATE 
T4TT 
T9500 
T5901 
7502 
7583 
7504 
7565 
7586 
7507 
751G 
TOLL 
7512 
fol 3 
7514 
7515 
751 6 
Toit 
752eG6 
7521 
qoce 
7523 
7524 
qc 
71526 
T5274 
7500 
753! 
tose 
1933 
T1534 
oS 
7536 
7537 
75493 
7541 
7542 
71543 
TSA4 
7545 
71546 
T547 
1556 
7591 
7552 
Hoos 
TS54 
(a 
7556 
eae et 


HeciG0 


ATTS 
1361 
ATITS 
ATTA 
ATTe 
AT66 
AT6T 
A765 
1764 
7041 
1763 
7710 
5344 
1764 
Shoo 
ATT) 
1354 
B35 
A771 
6754 
ATT 
7308 
671 
674) 
Boas 
aD 
CD 
—1SO5 
1356 
7649 
eocec 
730G 
6761 
O357 
7640 
9343 
A765 
AT7T3 
5776 
AT65 
7300 
6046 
ATTA 
qa00 
1362 
A175 
4774 
S776 
OLB 
OOOO 
1200 
7610 


RR» 


ERRs 


ERROR» 


A» 
AD» 


COUNT, 


MSKs 


TAD SIGN Lie 

evo 1 TYPE PEAT as 

TAD QUE 7°°?" 

mio l TYPE Fea e 

sitio 1 CREP ZCr 

Bio Lf FORMAL Eon ABEL 
Stioel) PLABEL /ZFIND LABEL : 
oio 1 RDILB /READ TAPE LABEL 
JMS I REWIND /REVIND 

TAD I LABEL Reo Deas 

CIA Zeus COs 

TAD I KEY Veo tir ba EABEL 


SPA CLA /SKIP IF AC>=@3 CLEAR 


JMP ERROR ZERROR ROUTINE 

TAD 1 LABEL /LO0AD CORRECT LABEL 
Dene KEY Jeo Ore 

JMS I SEARCH f SEARCH 

TAD A /LOAD START ADDRESS 

DCA AD /STORE : 

JMS I READ / READ 

Pots /SLEW MODE SLLECT 


UMS 1 Reapr 
Cbamct mercer akeanG & LINK 


PRDS /READ 

PSDF /SKIP ON DATA FLAG 

JMPe-1  /JUMP 

DCA I AD /STORE WORD 
Hoop) 72NCs ADDRESS 

TAD AD /LOAD ADDRESS 

TAD COUNT /LOAD TOP ADDRESS 
SZA CLA /SKIP AC=G3 CLEAR 

JMP RR / JUMP 


CLA CLL /CLEAR AC & LINK 


Eooo /SENSE SYSe STATUS 

AND MSK ERROR MASK 

SZA CLA /SKIP AC=HG3 CLEAR 

JMP ERR 7 JUMP 

So. REWLND /REWIND 

Sob TYrEA Ahi A 

JMP I MON /RETURN TO MONITOR 
JMS I REWIND 

Gin, CLL 

Ti /CLEAR PRINT FLAG 

gol CRLF /CRLFE 

GMA CILIL SCLEAR AC & LINK 

ao E LOAD "EE" 

JMS 1 TYPE FITPE - 

wa 1 CRLF FORK 

JMP I MON /RETURN TO tiONI TOR 
BEBO START ADDRESS 

BVBG /BUFFER : 

1200 ZCOUN Tis 

7610 /ERROR MASK 
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7560 
7561 
7562 
7563 
7564 
71565 
7566 
7567 
7570 
7571 
7572 
7573 
7574 
7575 
7576 
7577 


7600 
7661 
T7602 
T7603 
T6604 
25 
T7606 
T7607 
7610 
7611 
T6lec 
7613 
T614 
1605 
T7616 
T7617 
7620 
7621 
T622 
7623 
T7624 
16a. 
T7626 
T6227 
Tos 
7631 
1632 
7633 
T634 
7635 
7636 
T63 / 
T6446 
T6411 
T642 


8243 
O2TT 
0305 
WSS 
IDS 
7256 
1263 
qe tl 
goed 
nei) 
7863 
Oe 
6665 
6676 
7000 
T2090 


7366 
6714 
6701 
52682 
6132 
6754 
7366 
6761 
OST 
7650 
Seu! 
Za 
S2G4 
So0 
COBO 
GB68 
BOE 
BBBC 
OBAG 
GBBB0 
OOUB 
7402 
BBE6 
Sigel ace 
AAG 
13 ‘U 
Ti @ 
Sa! 
Gee 
“349 
Sec 
2 ic 
764% 


12%: 


SIGN>» 
QUE>s 

E > 

KEY» 
LABEL->» 
REWIND>» 
FLABEL» 
RDTLBs 
SEARCH » 
READ» 
FORML» 
TYPEAs 
CRLF » 
ries 
MONs 
READY» 


RECOV» 


Ss 


BIN» 


G243 
O2TT 
O385 
TESS 
Tiss 
Feo 
1203 
7277 
7324 
Tell 
10G3 
(Gioc 
6665 
6676 
7800 
7208 


* 7606 
Cin see 


PFRD 
PS 


JIMP.-1 


Bele 
Suis 


CLA CLL 


Roos 


AND EOF 
SNA CLA 
JIMP.=3 
Loca 
oii eo 
JMP CONT 


9B 
9280 
BB80 
9BOB 
GHBG 
8OB0 
QOO0 
TAB) 
BBB 
Sele 
42 69 
1300 
7756 
Sea 
e2ke 
78 40 
See7 
eae 
T646 
5230 
1214 


st yee 

Tt 

yt Et 

ZADDRESS OF KEY 
/ADDRESS OF LABEL 


/MONI TOR 


/CLEAR AC & LINK 
/FVWD. SEL. READ 
/SKIP IF SYS- READY 
/ JUMP 

/CLEAR STATUS REG. 
/St.EW MODE SELe 


/SENSE SYS- 
JEOF MASK 
/SKIP AC NOT = 
7 IUAP 
SINC. 
SAGAIN 


STATUS 
63 CLEAR 
&@ COUNT 


/CONTINUE 
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T1643 
1644 
T645 
T646 
T64T 
7650 
7651 
7652 
7653 
T1654 
605 
7656 
T6597 
71666 
7661 
7662 
7663 
T1664 
7665 
71666 
7667 
7676 
7671 
T1672 
7673 
T674 
T6795 
7676 
forl 
7760 
7781 
1702 
7763 
1704 
T7105 
T1706 
ao T 
7710 
T7114 
T71e 
T7183 
T1714 
Tay S 
T7716 
7717 
tick 
T7e!1 
fice 
figs 
TT24 
Wore 
17126 
eed 


HET4 
1341 
tot 
2226 
T7750 
S626 
rela 
0256 
1257 
S213 
5238 
0870 
6281 
7631 
Beoc 
6831 
Se6e 
6036 
Sel4 
1214 
5660 
6011 
we 10 
6016 
S269 
9300 
A343 
7641 
1215 
nove 
6032 
6814 
6214 
eo f 
Sed) 
760< 
T7T6G 
boos 
l3Se 
3261 
4226 
Soi S 
SS 
eis 
SSS 
1214 


eae 


42 60 
3322 
£226 
Sho 
4343 
7420 


6274 
1341 
7510 
22e2eb 
a OO 
5626 
1214 
6256 
Ped 
Seis 
5200 
OB70 
6201 
7631 
Saba 
6831 
S26ec 
6036 
3214 
1214 
5666 
6011 
Saig 
6016 
5265 
9308 
a A43 
7041 
L215 
7482 
6032 
6014 
6214 
be2S7 
3213 
T1604 
7700 
1S53 
Looc 
3261 
ALCE 
S3Stc 
Sel. 
Pei 
Soc 
1214 


3376 
4260 


Sou. 
A226 
Sano 
A343 
T4260 
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1730 
meet 

Ace 
7733 
1734 
fo 
1736 
7737 
T7740 
T7Al 

7742 
7743 
T7144 
7745 
T7146 
7aAT 
7750 
1751 

77152 
7753 
7754 
7755 
7756 
7757 
7760 
1761 

7762 
7763 
1764 
7765 
1766 
7767 
71770 
T7771 

7772 
HTS 
7774 
1775 
7776 
gt 


5336 
Sale 
1376 
1-690 
t215 
SoS 
6201 
36136 
Zeal 6 
7660 
Sooe 
7676 
1376 
7106 
71686 
71806 
Soo 
5743 
5262 
BGO 
GBOB 
BGO3 
7136G 
6131 
6741 
5360 
3771 
237i 
eate 
5356 
7T4Be 
0018 
T7795 
6060 
1660 
QBOS 
0880 
BBO 
0B0G 
5301 


LABEL=s» 


BUF » 
KEY» 


CONT» 


EOF » 


AD» 


WON Ts» 


5336 

Bae 

1376 

Looe 

Laks 

ao 

620} 

3616 

2au6 

7620 

Sac 

T67T6 

1376 

T1606 

7006 ; 

7066 

booe 

5743 

$262 

GOGO 

GBOO 

G03 | - 
CLA CLL /CLEAR AC & LINK " 
PRDS /READ | 

oO) /SKIP ON DATA FLAG 
JMP.-1 JU P 
DCA I AD 
ISZ AD 
ISZ WCNT 
JIMPe- 7 
Tike) 

0816 
7775 
66558 
1660 
BBV) 


/STORE WORD 

ZINCe ADDRESS 

JINCe & SKIP WORD CNT. 
f JUMP . | | 
SHALT 
/EOF MASK 

feos 

/START ADDRESS 
7ZWORD COUNT 


~ BBG 


BBO 
QB08 
$3081 
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